This paper focuses on the issue of online forum information overload. Web forum technology are considered, the disadvantages of existing implementations which leads to the problem of information overload are defined. Also, the paper described the existing methods of solutions to this problem. The algorithm of structural and semantic analysis on the web forum that allows combine messages into logical units (subtopics) was offered. Structural web forum adaptation methods based on this algorithm, to automatically structure the web forum posts, according to their semantic content, was proposed. The prospects of using this approach to deal with information overload were shown.
Introduction
Modern information technologies offer a variety of methods for mass online communication and collaboration -forums, question-answer sites, blogs, comment systems and others. With the development of communications, the total number of Internet users and users of Internet forums in particular has increased. If at the beginning of development of the Internet the number of users of forums comprised of hundreds and thousands, now it is millions of people. This has naturally led to an increase in large-scale involvement of online discussions and increased the amount of information that these users create.
However, the lack of tools to work with large amounts of information on the forum makes it difficult to use it as a means of communication and cooperation, as well as a source of information to support decision-making. This is due to the so-called information overload effect [1] , which manifests itself in the fact that people can't quickly orient in a large number of messages and find the necessary information.
At that, forums are still actively used for interaction on various issues -from entertaining conversations on abstract topics to collaboration in the fields of education, medicine, science, and technology. Forums and comment systems are also used as part of automated information management systems at enterprises and in universities. For example, taking into account the main directions of universities' automation [2] , it may be noted that the online interaction tools are applicable to the control and direction of the educational process, storage and provision of information resources, as well as user support.
However, the effectiveness of the use of forums in their current form for users to interact with each other has been sharply reducing because of the large number of duplicate topics, meaningless messages, questions that remain unanswered, and other problems. This fact speaks about the need for radical changes in instruments of processing and presenting the information contained on the forums, which require the development of new intellectual methods of its analysis and transformation, tailored to the specifics of Internet forums.
Forums Structure
As noted above, there are four major means of mass online interaction: forums, question-answer sites, blogs, comment systems. All of these tools have a similar structure, and differ only in focus on various aspects of online discussions [3] . This allows us to consider all of these means on an example of forums, as the most popular tool for mass collaboration.
When considering forum the following terms and concepts are usually used:  post -message on the forum created by one of the users, usually text, but can also include images, links, etc.;
 topic (or theme) -a set of posts;  section (or part) -a set of topicsunited on some basis.
Structurally, the forum is presented as a tree, the top of which is the root page, where the sections are placed. Sections, in turn, contain topics. Each topic consists of a root post and reply posts, which are arranged in a tree and, accordingly, form a branch of the discussion. At that, reply-post tree can be represented in an explicit or explicit form. In the case of the explicit representation, a tree structure is displayed in the user interface "as is", and one can easily visually trace the question-answer communications between the posts. In the case of explicit tree representation posts in the interface (and usually in the database) are arranged linearly one behind the other in chronological order, and the question-answer tree structure is possible to be restored only by analyzing the message texts and basing on specific attributes contained in the reports, such as quote or reference by user's name. Restoration of the tree structure of postsfrom the linear one can be seen in the following work [4] . More clearly examples of the tree and linear posts structures are shown in Fig. 1 .
The described structure is defined by administrators and forum moderators in the part relating to the sections, as well as by the users themselves in the part relating to the creation and placement of topics and posts.
Such a structure is quite rigid, is difficult to change and rebuild, and can't adapt, therefore does not always correctly reflect the semantic content of the forum and its topics, due to the fact that each topic may contain meaningless, junk messages, and subtopics -a whole branch of discussions on the topic other than specified in the root post or topic, more specific than the specified in the root. This is clearly shown in Fig. 2 . All this leads to the duplication of the content on the forum and "smearing" of discussions into several topics. Because of this there are serious difficulties in the use and analysis of information on the forum.
Classification of Posts on the Semantic Content
Each position can be assigned to one of three classes:
• meaningless post, not bearing semantic load (in forums such messages are usually called "Flood");
• undefined post, by the content of which is impossible to determine its informational value, for example, short answers like "Yes" or "No";
• informative post, this post contains enough information to determine its thematic focus, such posts can be divided into two types:
 with relevant content -such posts are semantically linked with others from the same branch of the discussion and are part of the general discussion;
 with foreign content -such posts are semantically close to the adjacent message in the thread, their meaning is quite different from the general subject of discussion, and they can be called junk (in terms of forums -"Flame").
Existing Approaches
The problem of information overload on the online forums has been long time existing, but in most cases it can be solved by manual intervention of administrators and moderators of the forum in order to maintain the integrity of the discussions, however, their resource is very limited. The research of such an approach is presented in the work [5] . Similarly, there are attempts to solve this problem at the level of different forum tools, such as, for example, labels (tags), such opportunities are now added to some forum engines,and the effectiveness of using such meansis studied in the work [6] .
There are several works on methods of topics analysis, each of these methods can be used to simplify the work with the information on the forum. For example, the works [7] are devoted to various algorithms of drawing up a brief summary of forum topics, and work [8] considers the principles of operation of such algorithms in general. Works [9, 10] examine questions of search of duplicate posts and topics in the forum, as well as the questions in question-answer systems. Solutions of the general problem of evaluating the quality of information in a topic for ranking are proposed in [11] . Another group of works is devoted of topic recommendation to users based on the content and model of the user's interests. Finally, the study [12] considers methods of filtering unwanted for user posts.
However, a comprehensive solution that would help reduce information overload and increase the efficiency of access to information on the forum was not so far suggested.
Information Management System Based on an Intellectual Forum
To solve the problem of information overload it is necessary to make the transition from traditional forums to the development of intellectual processing and presentation of the information contained in the forum, with the aim of using it for the tasks of information support of decision-making. An important feature of the proposed system is the ability to automatically restructure the information depending on the topic and its ranking in accordance with specific user information requests.
To achieve these goals it is necessary to solve several tasks: 1. Introduction of metrics and development of basic algorithm for determining the semantic relatedness of posts.
2. Development of forum restructuring methods on the basis of data of semantic similarity of individual messages and discussions.
3. Software implementation of a system based on these algorithms.
Determination of Semantic Relatedness of Forum Posts
To assess the relatedness of forum posts among themselves by semantic features it is required to insert a metric value that would show how the two messages are related to each other within the meaning.
To determine this metric we propose the following algorithm: 1) to determine key terms; 2) to determine the proximity between the key terms; 3) to estimate the proximity of posts based on the proximity between the key terms in the message. When selecting a class of methods for determination of key terms and definition of the connection between them it is necessary to take into account specific forums. Forum posts are usually short (a few sentences) or even over short (a few words), and they may contain enough specific terminology characteristic of completely different subject areas, which depends on the thematic focus of the forum or its section. Also, it is important to take into account the fact that the terminology is constantly changing, expanding and updating over time.
Taking into account these facts, it is necessary to abandon the text-based methods, because search and maintaining text document collections up to date, which will fully enough describe a wide range of subject areas, is very resource-intensive task. These methods include methods of TF-IDF [13] and their more recent modifications, for example, TF-ICF [14] , used to extract key terms, as well as the semantic similarity evaluation methods, for example, LSA [15] . For the same reason, the use of ontology-based semantic similarity assessment methods are complicated, which include, for example, Resnikmeasure, Lin measure and others.
For efficient analysis of forums methods based on full enough and thus resupplied data source are required. Such source is the open encyclopedia Wikipedia. Its collection of articles, of course, can be used as body for the already mentioned above TF-IDF and the LSA methods, however, important features of Wikipedia are article markings and presence of the tree category by which the articles are structured. Accounting these features can create algorithms more effective compared to those based on only untagged bodies.
By algorithms extracting key terms, based on Wikipedia one can mean keyphraseness algorithm [16] , and to evaluate the semantic proximity and connectivity between the terms one can use WLM techniques [17] , WikiRelate [18] , ESA [19] and others, but it's adviseable to use the ESA method (Explicit Semantic Analysis), because it is rather simple to implement, does not require disambiguation, and also shows greater accuracy on the test patterns.
Semantic Distance Between Messages
On the basis of information about the key terms which are contained in the posts, and the evaluation of their semantic relatedness we can estimate the semantic distance between messages as the product of the normalized distance between keywords that are contained in each of the posts:
where M 1 , M 2 areposts, k 1i , …, k ni -key terms, dist -distance, reciprocal of proximity, is calculated as
Analysis of Posts Structural Features
As we have noted, the forum, as well as each topic, has its own structure. The structure of a topic is tree-like, but this tree relationship between the posts can be internal and are linear, however, the location of the messages in the post tree is not the only structural feature, except that there are others. Thus, besides the textual content, each post also has a set of structural features, each of which may be used in the information forum analysis: 1) the location of the post in the answer tree; 2) the author of the post -including the name and all other features of the user; 3) the time of post creation; 4) the citation of the text of another post -the citation can be plain text and special structural element; 5) references to another user -similarly can be text or a special structural element; 6) inserted hyperlinks, images and videos; 7) the evaluation of the post by other users -available not in all forums. Thus each position is represented as a tuple of structural and semantic features {x 01 , …, x 0N , x 11 , …, x 1N }, where x 01 , …, x 0N are semantic features which characterize the text of the post, and x 11 , …, x 1N -structural features describing post.
Each of the features listed above finds its application in the analysis of posts and topics in the forum, part of the features are used to restore the question-answer tree structure, while others -for the communication of topics in subtopics. Information about the participants of the discussion (authors of the posts) may be one of the criteria for assessing the proximity of the two topics, and data on the time of posts creation -the basis for the detection of the most important and relevant current topics.
Methods of Forum Restructuring
To transform the structure of the forum in order to improve access to information, we offer the following group of methods.
Hiding Posts
Posts that do not carry the meaning ("Flood") or which content is semantically extraneous ("Flame") are necessary to be hidden from the branches of discussions and topics, as such messages only increase information noise without adding utility to discussions.
In addition to the semantic features of each post, one can also take into account the structural features in the analysis -most undesirable posts are more often terminal nodes of the answer tree, or nodes that have only one answer, and most often having negative connotation. In addition, posts from users who have already participated in this discussion will be meaningful more likely than messages from users who have not participated in the discussion.
Visually, the example of hiding posts from the answer tree is shown in Fig. 3 . 
Aggregation of Multiple Posts into a Subtopic
Each topic contains a root position from which the discussion began and posts that are replies to a root post or on one of the posts that were created previously. In this part of the topic posts can be a discussion of the topic, other than stated in the initial post, or on the contrary, the more detailed topic than the rest of the discussion. In this case, one can not clearly determine whether such group of posts is undesirable and whether to hide it from the general discussion, however, such post group can be considered as an independent unit of meaning -subtopic. Subtopic may contain several branches of posts, at that the post which is the beginning of subtopic can simultaneously refer to this subtopic and to the main topic.
To highlight the subtopic from the common set of posts it is proposed to use clustering techniques using semantic metric connectivity between the posts and taking into account their structural links and features.
Example of post aggregation into a subtopic is shown in Fig. 4 . 
Decomposition of Topic into Several
When defining a topic in one of several subtopics the situation can occur when one of the subtopics is weakly associated in meaning with the main subtopic (the one which root post coincides with the root of the whole topic). In this case, it makes sense to divide the discussion of different topics into several topics, each of which will contain a discussion only on one subject.
Visually decomposition of topic is displayed in Fig. 5 . 
Association of Various Subtopics into a New Topic
Semantically close subtopics of different topics of forum are sensible to present as a single new topic, to group all useful information on the same topic in one place. At that association of different subtopics may occur by a few rules:
• in chronological order -if the discussion started before, it will be higher in the list of comments;
• by relevance -subtopics more relevant to the root post will be added higher than the other;
• by semantic significance -the more in-depth discussion is conducted in a subtopic, the higher it appears in the list;
• combined approach -in different forms combines all the rules described above. Fig. 6 shows the association of subtopics into one, from left to right shows the order of inclusion of subtopics into a new topic (leftmost subtopic will be displayed in the user interface the first). The root of the new topic can be one of the root posts of subtopics or specially generated summary message.
Transfer of the Topic to Another Section
The semantic discrepancy may occur not only at the level of posts and branches of discussions in topics, but also more globally -at the level of topic accommodation in the section. In this case, it is logical to carry out an assessment of a topic proximity to the other in the current and in the other sections, if it turns out that the topic is more relevant to the other sections, it is necessary to carry out its transfer, along with all its contents, in a more appropriate section. Transfer example is shown in Fig. 7 . 
Creation of a New Section
In extreme cases, it may occur that the initial breakdown into sections is not sufficient for the provision of forum information. Creation of a new section is necessary if there is a group of topics on one subject, while these topics are part of the section and the semantic distance between the group and the other topics of this section is sufficiently large. Then the creation of the section and the transfer of this group of topics to this section happens. Section creation example is shown in Fig. 8 . 
Conclusions
Users of mass asynchronous online interaction means, such as forums, today face a huge amount of information that is generated daily, which leads to the effect of information overload and the inability to efficiently access information on the forum.
In this paper we propose methods and algorithms for processing information from online forums and intellectual change in the forum structure according to their content. We expect that the proposed approach to change the principle of data representation on the forum will provide the tools that will help increase the efficiency of access to information, reduce the level of information overload and lead to an increase in the efficiency of the web forums as instruments of cooperation and communication, as well as will form the basis for the creation of system of information decision-making using the information from the forums.
